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RESULTS OF TESTS USING A 0.02-SCALE MODEL (89-0TS) OF

TEE SPACE SHUTTLE INTEGRATED VE_ICLE IN _ NASA/AMES

RESEARCHcm Ea9 x Y FO0  PEBSO CWIND

(IAI56B)

by

J. J. Daileda and J. Ma_roquin
Rockwell International, Space Systems Group

ABSTRACT

An experimental investigation (IAI56B) was conducted in the NASA/

Ames Research Center Unitary Plan Wind Tunnel 9 x 7 Foot supersonic leg

from December 16, 1977 through January 6, 19r(8.

The objective of the test was to obtain force and moment data on

all vehicle elements (orbiter, external tank, and each solid rocket

booster), wing and vertical tail load indicators, elevon and rudder hinge

moments, and base and body flap pressure data.

Data were obtained at Mach numbers of 1°55, 1.80, 2.20 and 2.50 at

Reynolds number per foot of 3.5 x lO6. A limited amount of data were

obtained at Reynolds numbers per foot of 3.0 x lO6 and 4.0 x lO6. The

majority of the test data were obtained by making angle of sideslip

sweeps at a series of constant angles of attack. The range of angles of

attack and sideslip was between +6 degrees.

Configuration variations consisted of a series of differential

inboard/outboard elevon angle settings at zero aileron angles, with and

without the Shuttle Infrared Leeside Temperature Sensing (SILTS) pod on

P_ the orbiter_ iii



Documentation for test IAI56B consists of three volumes:

Volume i - Force Data Tabulations

Volume 2 - Pressure Data Tabulations

Volume 3 - Pressure Data Tabulations.
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I_RO_C_ON

The O.02-scale model (mc_el 89-OTS) of the space shuttle integrated

vehicle was tested in the NASA/Ames Unitary Plan Wind Tunnel 9 x V-foot

supersonic leg between December 16, 1977 and January 6, 1978. This test,

designated IA156B, used a total of 96 test hours in the facility.

Data were obtained at M2_ch numbers of 1.55, 1.80, 2.20 and 2.50 at

a Reynolds number per foot of 3.5 x lO6. A limited amount of data were

obtained at Reynolds numbers per foot of 3.0 x 106 and 4.0 x lO6. Angle-

of-attack sweeps were run at constant angles of sideslip for Runs 102

through 115. After this, an_;le of sideslip sweeps were run at constant

angles-of-attack so that the data would be compatible with IA156A data.

The range of augles-of-attack and sideslip was between .+6 degrees.

Configuration variations consisted of a series of differential inboard/

outboard elevon angle settings at zero aileron angle, with and without

the Shuttle Infrared Leeside Temperature Sensing (SILTS) pod on the

orbiter. Four six-component balances were used to obtain vehicle element

(orbiter, external tank, each solid rocket booster) forces and moments.

Three single-component balan,,es were used to measure elevon (right wing

only) and rudder hinge moments. Two three-component balances were used

to measure wing (left side) and vertical tail normal force, bending

moment, and torsion. The orbiter was instrumented with 19 base pressure

taps and 32 body flap taps. The external tank had 45 base pressure taps,

and each SRB was instrumented with five base pressure taps.

This report provides a description of the test consisting of remarks

4



_-_ INTRODUCTION (Concluded)

on the conduct of the test, descriptions of the model and the test

facility, details on test procedure, information on data reduction, and

tabulated test results.
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NOMENCLA_WJRE

S_MBO_____LMNm_ONIC DEF_TTION

Tunnel Parameters

M MACH freestream Mach number

PT PT freestream total pressure, psfa

P P freestream static pressure, psfa

Q Q freestream dymsmic pressure, psf

Re x lO-6 RN/L Reynolds number per foot

T2 TT' freestream total temperature, OF

mR TTR freestreem total temperature, OR

Teat Parameters

ALFAL ALFAL launch vehicle angle-of-attack, degrees

ALFAI_ AIEIAL left hand side solid rocket booster angle-
of-attack, degrees

ALFARS AIPKAR right hand side solid rocket booster angle-
of-attack, degrees

ALFAT ALPHAT exterual tank angle-of-attack, degrees

BETAL BETALL launch vehicle sideslip angle, degrees

BETAL left hand side solid rocket booster
sideslip angle, degrees

BETARS BETAR right hand side solid rocket booster
sideslip angle, degrees

BETAT BETAT external tank sideslip angle, degrees

6



NOMENCLATURE (Continued)

SD4BOL _ONIC DEFINITION

Left Hand Side SRB Coefficients (Left Side SRB Balance)

CABLS CABLS base axial-force coefficient

CAFLS CAFI_ forebody axial-force coefficient, CAL$-CABL8

CALS CALS total axial-force coefficient

CBLLS CBLFLS rolling moment coefficient

CI/_FLS CI/_I_LS pitching moment coefficient

CNFL$ CNFL$ normal force coefficient

CYFLS CYFLS side force coefficient

CYNBLS CYNBI_ base yawing moment coefficient

CYNFLS CYNFLS forebody yawing moment coefficient,
CYNI_ -CYNBL$

CYNLS total yawing moment coefficient

Right Hand SRB Coefficients (Right Side SRB Balance)

CABRS CABR$ base axial force coefficient

CAFES CAFRS forebody axial force coefficient, CARS-CABRS

CARS CARS total axial force coefficient

CBLRS CBLFRS rolling moment coefficient

CLMFRS CIMFRS pitching moment coefficient

CNFRS CNFRS normal force coefficient

CYFRS CYFRS side force coefficient

CYNBRS CYNBRS base yawing moment coefficient

CYNFRS CYNFRS forebody yawing moment coefficient

CYNRS CYNRS total yawing moment coefficient

7



N_C_aE (Cont±nu_)

SYMBOL MNEMONIC D_.rlNITION

External Tank + (SRB Right + SEB Le_) Coefficients,

(External 'rank_,:l.ance)

CABT CABT external tank base axial force coefficient

CAP_S CAFTS forebody axial force coefficient, CATS -

(ou_+ c_ + CAm_)

CATS CATS to_-al axial force coefficient

CBI_S CBLFTS rolling moment coefficient

CLMTS CI/_vTS pitching moment coefficient

CNFTS CNFTS normal force coefficient

CYFTS side force coefficient

_ forebody yawing moment coefficient, CYNT_ -
(c_s + c_m_s)

CYNTS CYNTS total yawing moment coefficient

External Tank Forebody Coefficients

CA_T CAFT forebody axial force coefficient, CAFTS .

(C_ + CAF_)

CBLFT CBL_ forebody rolling moment coefficient, CBLFI_ -

(csm.s + cBzas)

CLM_ CI/_FT forebody pitching moment coefficient, CIMFTS -

(C_ + CZ_mS)

CNFT CNFT forebody normal force coefficient, CNFTS -

CYFT forebody side force coefficient, CYFTS -

(C_ + C_)

CYNFT forebody yawing moment coefficient, CYNFI_ -

(C_ + crs'_ss)

8



NGMENCLA_TRE (Continued)

SYMBOL MNEMONIC DEFINITION

Launch Vehicle Coefficients (Orbiter Balance)

CABO CABO orbiter base axial force coefficient

CAFL CAFL forebody axial force coefficient, CAL -
(CABO + CABT + CABLS + CABRS)

CAL CAL total axial force coefficient

CBLFL CBLFL rolling moment coefficient

CIMBO CLMB0 orbiter base pitching moment coefficient

CLMFL CLMFL forebody pitching moment coefficient,
CIML - CLMBO

CIVIL CLML total pitching moment coefficient

CNB0 CNB0 orbiter base normal force coefficient

CNFL CNFL forebody normal force coefficient, CNL - CNB0

CNL CNL total normal force coefficient

CYFL CYFL forebo_y side force coefficient

CYNFL CYNFL forebody yawing moment coefficient, CYNL =
+ cY" m )

CYNL CYNL total yawing moment coefficient

Orbiter Forebody Coefficients

CAF0 CAF0 axial force coefficient, CAFL - CAFYS

CBLF0 CBLF0 rolling moment coefficient, CBLFL - CBLFTS

CI_F0 CI_F0 pitching moment coefficient, CLMFL - C_

CNF0 CNFO no_mal force coefficient, CNFL - CNFTS

CYF0 CYF0 side force coefficient, _ - CYFTS

CYNFO CYNF0 yawing moment coefficient, CYNFL - CYNFT$

9



NG_ENCLATUEE (Continued)

SYMBOL MN_ONIC DI_INITION

Vertical Tail Coefficients (See Figure le)

CBVT CBVT bending moment coefficient

CS_ CNVT side force coefficient

CTVT CTVT torsional moment coefficient

Win_ Coefficients (See Figure ib)

CBW CBW bending moment coefficient

CNW CNW normal force coefficient

CTW CTW torsional moment coefficient

Elevon and Rudder Coefficients (See Figure if)

CHEI CHEI inboard elevon hinge moment coefficient

CHEO CHEO outboard elevon hinge moment coefficient

CHR CHR rudder hinge moment coefficient

Model Geometric Nomenclature

CL centerline

ET external tank

HL hinge line

M_RC moment reference center

SRB solid rocket booster

X/CBF zmtio of a station on the body flap to the
body flap chord (See Figure 2c)

XB SRB station

Xo/L o _tio of a station on the orbiter to the
orbiter length

I0



NCMENCLATURE (Continued)

SYMBOL _EMONIC DEFINITION

Model Geometric Nomenclature (Continued)

XT body station on the external tank

Yo lateral station on the orbiter, positive to
the right of the plane of symmetry (See
Figure 2b)

Zo orbiter water line (Figures 2a and 2b)

a ALPHAO orbiter angle-of-attack, degrees

BETAO orbiter sideslip angle, degrees

8ei IB-ELV inboard elevon deflection angle, degrees
(see Figure ib)

8eo 0B-ELV outboard elevon deflection angle, degrees
(See Figure lb)

FHIO rotational angle on model component
surface (See Figure 2e), degrees

ratio of spanwise station on orbiter body
flap to total span of body flap, positive
from left to right (See Figure 2b)

Terms Used in Data Reduction

BW wing bending moment about Yol05, in-lbs.

NW wing normal force, ibs.

TW wing torsion moment about XolB07 , in-lbs.

BVT vertical tail bending moment about Zo503
in-lbs.

NVT vertical tail nors_l force, ibs.

TVT vertical tail torsion moment about Xo1414.3,
in-lbs.

iI



NOMENCLATURE (Concluded)

SYMBOL MNEMONIC DEFINITION

Terms Used in Data Reduction (Continued)

HEI inboard elevon hinge moment, in-lbs.

HEO outboard elevon hinge moment, in-lbs.

Parameters

SILTS 1.0 = SILTS pod on _ 0.0 = SILTS pod off

Pressure Data

CPBV CPBV vertical tail base pressure coefficient

CPI CPI See Data Reduction Section

CP2 CP2

CP3 CP3

CP4 CP4

CP5 CP5

CP6 CP6

CP7 CP7

CP8 CP8

CP9 CP9

CPI0 CPI0

12



REMARKS

Upon completion of test IAI56A at AEDC, the model was shipped

directly to ARC with all balances (except orbiter balance) still installed.

After arrival at ARC the fouling problems associated with the wing

balance were cleared and a complete calibration of the wing balance was

performed prior to installation in the tunnel.

During the test various events occurred having a possible effect on

the test results. These items are listed below.

1. Runs 102 through l_. The wires for the external tank balance
were hooked up incorrectly. Therefore, orbiter, ET, and com-
bined ET/SRB data are not available for these runs.

2. Runs 128 through l_. The reference pressure line to the orbiter
Scanivalves was plugged. Also, Scalivalve number B in the
orbiter was found to be out of phase. Values from similar runs
were substituted for the base correction terms CP1, CP2, CPB
and CP4 in reduction of the data for these runs.

3. Runs 138 and IB9. The inboard bending gauge o_ the vertical
tail was over-ranged on the tunnel instrumentation at several
points during these runs. Data are not available for these
points.

4. Runs 265 through 269. There was an electrical problem with the
external tank axial force on these runs. Therefore, RT axial
force data are not available for these runs.

5. Runs 205 through 219. At the end of this series, a phasing
problem was found on Scanivalves 4 and 6 in the external tank.
The data _CP7, CP9 and CPIO) should be used with caution.

6. Runs 265 through B06. Outboard elevon zero shifts occurred
frequently during this group of runs. The data were reduced
with initial zeros only and should be used with caution.

7. Data from several pressure taps were bad for various reasons at
different times during the test. The data in question were
eliminated from the average when calculating the base pressure
corrections. The run numbers, pressure tap numbers and base
adjustment coefficients affected are given below.

13
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R_MAEKS (Concluded)

Runs Pressure Tap Number Term Affected

lO2-121 409 ---

102-126 S17 CPI

102-142 4o5 cP2

iO2-281 319 C'P3

117-1ei 15o9 cP7

128-i42 436 ---

143-157 322 cP3

143-157 1509 CP7

159-204 314 CPI

19o-204 15o7 OPT

19o-239 15o9 cP7

2o5-224 1516 cP7

205-258 409 ---

240-254 1514 CP7

260-264 308 CPI

14



CONFIGURATIONS INVESTIGATED

The model for the NASA/Ames 9 x 7-foot tunnel test period was an

O.02-scale replica of the Rockwell International first stage space

shuttle vehicle consisting of orbiter, exterr_l oxygen_ydrogen tank

(ET) and two solid boosters (SRB's). The vehicle is described by the

VC70_000002 configuration control drawing. The integrated vehicle

geometry is shown in Figure 2a. The model was mounted upright in the

tunnel through the base of the orbiter using the ARC 2.5-inch TaSk MK XIA

balance. Photographs of the model in the tunnel and of model details are

given in Figures 3a through 3i.

The external tank and boosters were supported from the orbiter/ET

attach structure using the AEDC-PWT-6-1. 50-1. 80-1.12 M balance. Each

SBB was supported from the ET/SRB attach structure using the AEDC-PWT-6-

1.50-0°50-i.12 M-a and -b (one in each SHB) balances. The orbiter balance

measured total vehicle loads; the external tank balance measured ET/SRB

loads, exclusive of the attach structure between orbiter and external

tank; each SEB balance measured only the forces and moments on the

element in which it was mounted, exclusive of attach hardware.

The orbiter was fabricated to the OVl02 Configuration Outer Mold

Line Definition (March 15, 1976 GML configuration). Lines were derived

from the design entry trajectory 14414.1, Revision C/C. The Thermal

Protection System (TPS) for these lines is based on the usage of

Silicon Reuseable Surface Insulation (SBSI). The orbiter model is of

a blended wing/body design with a double delta planform (81°/45 ° leading

F"

15



cONFIGURATIONS I_TEST!GATED (Continued)

edge) wing of 12 percent thickness and full span elevons with gaps between

the outboard and inboard pauels and between the inboard panel and the

fuselage. A single centerline vertical tail with rudder/speed brake

capability is mounted between the Orbital Maneuvering System ((NS) pods

on the aft fuselage, and a body flap is fitted to the lower trailing

edge of the fuselage. The Main Propulsion System (MPS) nozzles were

simulated, but were trimmed to clear the sting support through the base.

The GMS nozzles and all Reaction Control System (RCS) thruster ports in

the forward fuselage and OMS pods were simulated.

Fuselage Outer Mold Line (CHL) penetrations and protuberances which

are simulated include:

- Recessed windshields, hatch, and observation windows

- Simulated forward and aft RCS nozzles

- Cargo bay door hinges

- T-zero umbilical panels

- Vents: cargo bay, wing, GMS RCS and aft fuselage

- Spanwise steps: vertical tail/rudder and body flap

The upper surface flipper door panels which blend the wing to the

elevon at all deflections wexm not simulated. A smooth fairing between

wing and elevon upper surfaces simulated the flipper door panel° The

OVl02 Shuttle Infrared Leeside Temperature Sensing (SILTS) pod was

simulated on the vertical tail. The orbiter model was constructed

primarily Of Armco 17-4 stainless steel, with 7076-T6 aluminum used in

16



CONFIGURATIONS INVESTIGATED (Continued)

some non-load carrying components. The mid/aft upper fuselage is

fabricated from a single block with a longitudinal bore into which

balance adapters can be inserted. The 0MS pods are an integral part of

this block. The nose/forward fuselage was fabricated as a hollow shell

and serves as a cover plate for model-mounted instrumentation.

The vertical tall was supported on the upper aft fuselage by means

of a strain gauged beam (three-component balance). The rudder/speed

brake, fixed at zero degrees deflection, was mounted on a gauged beam to

allow for measurement of hinge moments. A separate base plate/lower

aft fuselage block incorporated the aft 0MS/RCS pods, the simulated MPS

and _ nozzles, and the body flap bracket recesses. The base plate and

MPS nozzles were cut out for sting clearance. The body flap was mounted

at zero degrees deflection.

The right wing, right wing glove, and lower fuselage aft of station

520 was fabricated as a single piece. The left wing/wing-glove was cut

off at butt plane 105 and was attached to the lower fuselage by a strain

gauged beam (three-component balance). A labyrinth seal was used along

the gap between the two parts to minimize leakage between upper and

lower surfaces.

The elevons on both wings were mounted on individual beams to allow

for measurement of hinge moments. Although the beams on the right and

left wings were dimensionally similar, only those on the right wing were

gauged. The elevon deflection angles were set by manually changing the

17



CONFIGURATIONS INVESTIGATED (Continued)

brackets to which the beams are attached. Measured deflection angles are

given in Table III. Upper surfsme seal doors (flipper doors) were not

simulated but a fairing was used between the wing and the elevon. A gap

of from 0.005 to O.O20-inches was maintained between the fairing and the

elevon.

The external tank was built in accordance with Rockwell International

Interface Control Drawing ICI_-O0001, Rev. C, plus Interface Revision

Notices B and C. The externs_l tank is of cylindrical cross-section with

a nominal diameter of 333-inches and _ maximum diameter of 336.2-1riches.

The forward portion of the external tank has a tangent ogive nose _hich

terminates in a blconlc nose cap over the LOX vent valve. _ne forward

one-third of the external ts_ is filled with L(_, and the aft two-

thirds with liquid hydrogen. Structural stiffeners between the two

vessels result in an area with a sllghtly larger than nominal diameter.

The aft end of the tank is basically an ellipsoid of revolution.

The entire external ta_ is covered with a spray-on foam insulation

of varying thickness. Approximate thicknesses are 2°5-inches on the

tangent oglve, 1.O-Inch on the cylindrical sections, and 2.0-1nches on

the rear ellipsoid. Model @Imenslons included this insulation.

The external tank confi.Euration included a number of protuberances

consisting of electrical tr_ys, fluid lines, and attach hardware.

Electrical trays which run parallel to the external tank centerline were

simulated; those which run up next to the aft orbiter/external tank

18



CONFIGURATIONS INVESTIGATED (Continued)

attach hardware were not. The LOX and I.H2 feed lines were simulated.

The attach hardware that is considered as part of the external tank is

the front and rear orblter/external tank attach structure which remains

with the external tank after separation.

The external tank model was constructed primarily of 6061-T651

aluminum alloy with the load carrying components made of Armco 1T-4

stainless steel. The model was formed by three major pieces to which

the external protuberances were mounted. The three major pieces con-

sisted of the forward blconic nose, the central cylindrical shell and

the aft closure. The external tank protuberances and simulated aft

attach structures were fabricated from Armco 17-_ stainless steel and

were secured to the tank by mounting buttons and silver solder.

The external tank was attached to the orbiter by the "wishbone"

attach bracket on the forward end and the simulated L0X and IH2 vertical

feed lines on the aft end. These components were scaled to as great a

degree as possible, but were sized for the anticipated loads. The

orblter/external tank attach structure was connected directly to the

balance bridge inside the external tank. Instrumentation leads from the

external tank to the orbiter were attached to the back of each feed line

and were covered with a fairing. The external tank wall in the vicinity

of the attach structure was cut away for clearance between the tank, and

the structure and fairing. The resultant gap was filled with foam.

The Solid Rocket Boosters (SRB's) were built to the same Interface

19



CONFIGURATIONS INVESTIGATED (Continued)

Control Drawing (ICD2-00001, Rev. C) and Interface Revision Notices (B

and C) as the external tank. The two SRB's are 146-inch diameter

cylinders, each with an 18 degree semi-angle nose terminated by a 13.2T-

inch diameter sphere. An 18 degree flared skirt_ 208.20-1nches in

diameter, protects the rocket nozzle. A flexible donut-shaped seal and

thermal shield is provided between the skirt and the nozzle. SRB

protuberances consist of a forward attach lug, front and rear separation

motors, an aft attach ring, _arious stiffeners, and a full-length

electrical systems tunnel.

The Solid Rocket Boosters were made of Armco 17-4 PH stainless steel,

except for the forward cylindrical shells which were made of 6061-T651

aluminum alloy. Each SHB was formed by five major pieces to which the

external protuberances were uLounted. The five major pieces were the

nose, the forward and the center cylindrical shells, the aft cylindrical

shell/skirt assembly and the nozzle. The center cylindrical shells were

fabricated with a vertical s_,litto facilitate assembly and disassembly

of the SRB. The SRB protube:_nces were fabricated from aluminum alloy

and stainless steel, and werE: secured to the SRB with screws or silver

solder. Each SRB is attache_[to the E_ at the full-scale attach points.

Attach structure components were scaled to as great a degree as

possible, but were sized for the anticipated loads. The SRB/ET attach

structure was connected directly to the balance bridge inside the SRB.

The SRB was supported on the balance mounted on this balance bridge.

2O
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CONFIGURATIONS INVESTIGATED (Continued)

Instrumentation leads from the SRB to the external tank were routed

through a slot aft of the forward SRB/ET attach post. A fairing between

the SRB and the ET protected the leads from the air flow. The SRB wall

in the vicinity of the SRB/RT attach structure was relieved for clearance

between the SRB_ and the attach structure and fairing. The resultant

gap was filled with foam.

The following nomenclature, illustrated in Figures 2g through 2J,

was used to designate model components:

Symbol Description

B75 OVI02 fuselage including T-zero umbilical
panels and crew hatch

C16 Canopy including recessed windshields and
observation windows

F64 Elevons_ including elevon/elevon and elevon/
fuselage gaps

F16 Body flap

F_2 Fairiags for the forward cargo bay door
hinges, 6 per side

HG I Cargo bay door hinges, 13 per side

M52 CMS pods

NIO8 Forward RCS thruster nozzle ports

NIO9 Main propulsion system nozzles (inner
surfaces cut away for st_ng clearance)

NIl0 GMSnozzles

NIlI Aft RCS thruster nozzles and ports
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C(E_FIGURATIONSIIT_ESTIGATED(Concluded)

Description

R20 Rudder, split into left and right
speed brake panels

UI Umbilical doors

V27 Vertical tail

V29 Vertical Tail with OVI02 SILTS pod

VTIo Cargo bay vents, 4 per side

VTII Wing/landing gear bay vents, I per side

VTI_ AI_ fuselage vents, i per side

VTI7 Miscellaneous vents, ports and penetrations

wl31 OVI02 wing

T39 External tank, including all protuberances
(See ICI_-O0001, Rev. C)

$27 Solid rocket booster, includlng all protuberances
(See ICD_-O0001, Rev. C)
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TEST FACILITY DESCRIPTION

This tunnel is one of the supersonic legs of the Ames Unitary

facility. It is a closed circuit, variable density, continuous flow

tunnel. The test section is 9 feet by 7 feet by 18 feet and the nozzle

is o_ the asymmetric, si-i-di-ng-ZbZ-[ock-ty_e in-which the variati0n of the

tes_ section Mach number is achieved by _ranslating, in the s_ream_rise

direction, the fixed contour block that forms the floor of the nozzle.

The temperature in all three circuits is controlled by after-cooling.

Dry air for use in the circuit is supplied from four 30,000 cubiC-foot

spherical tanks. The tunnel air motors and compressor serve the 8 by

7-foot tunnel. The motors have a combined output of 180,000 horsepower

for continuous operations or 216,000 horsepower for one hour.
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TEST PROCEDURE

The model was installed :inthe wind tunnel in the upright position

using the General Dynamics 12-ZK-090 pitch mechanism. Standard Ames sting

components were used between the ARC 2.5-inch Task MK XIA balance and the

pitch mechanism. Figures 3a through 3c show the model installed in the

tunnel.

The test was concerned primarily with force and moment measurements

and the only pressures measured were those located on the bases of the

model elements. These pressure lo_atlons are shown In Figures_2bl

through 2f and are categorized as follews-

Ma_or Model Component Model Coml_onent No. of Orii_ces

Orbiter Base 19

Orbiter Body Flap 32

External Tank Base 45

Solid Rocket Boosters Base i0

Total 106

The types of balances utilized, and the model forces and moments

calculated from their measurements are given below. The orbiter balance

is shown in Figure 2k. The other balances are described in detail in

Reference i.

Balance Model Forces and Moments Measured

_-S_-on Type or Caicuiated

Orbiter 6-component Launch vehicle normal force, side force,
axial force, pitching moment, yawing
moment, and rolling moment.
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TEST PROCEDURE (Continued)

Balance Model Forces and Moments Measured

Location Type or Calculated

External 6_component ET and SRB's normal force, side force,
Tank axial force, pitching moment, yawing

moment, and rolling moment

Left_Hand 6-component Left hand SRB normal force, side force,
Solid axial force, pitching moment, rolling
Rocket moment, and yawing moment
Booster

Right Hand 6-component Right hand SEB normal force, side force,
Solid Rocket axial force, pitching moment, rolling
Booster moment, and yawing moment

Wing 3-component Wing normal force, bending moment,
and torsional moment

Vertical B-component Vertical stabilizer side force,
Stabilizer bending moment, and torsional moment

Rudder 1-component Rudder hinge moment

Inboard 1-component Inboard elevon hinge moment
Elevon

Outboard 1-component Outboard elevon hinge moment
Elevon

Calibrations of the ARC 2.5-inch Task ME XIA balance, the three-

component wing balance,and the elevon and rudder gauges were performed

at ARC prior to the test. The l-i/2-inch diameter balances in the

external tank and solid rocket boosters and the three-component vertical

tail balance were not calibrated at ARC prior to the test. AEDC

calibrations of these balances were used for on-line data reduction during

the test. Final data are based on post test calibrations performed by

ARC.

j-.
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TEST PROCEDURE (Concluded)

Due to potentially high starting/stopping loads which could exceed

the ET balance limits in both the pitch and yaw planes, physical stops

were installed in the ET to limlt the deflection of the ET relative to

its balance. Fouling circuits were set up to detect any deflections

which would affect the balanc,._output.

The desired tunnel conditions, given in Table I, were set and, for

Runs 102 through llS, angle-of-attack was varied at a nominal constant

sideslip angle. Following R_ 115, angle of sideslip was varied at a

nominal constant angle-of-attack. This change was made to make the

IAI56B data compatible with the data from IAI56A.

Check loads were placed on the gauged elevons prior to, and following

each change in elevon deflection angles, and data were obtained through

the computer to verify the calculation of the applied loads. The nominal

and measured elevon deflection angles that were tested are given in

Table IZl and a sketch showlr_gthe direction of positive elevon

deflection is presented in Figure lb.
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DATA REDUCTION

Standard ARC methods for computing tunnel parameters, balance forces

and moments_ and model attitudes were used. Six-component force and

moment coefficients (body axis only) were computed for each balance,

using the axis system defined in Figure la. The moment reference point

(the same for all major elements) is specified below. Force and moment

data were adjusted to freestream pressure. Elevon and rudder hinge

moments, and wing and vertical tail forces and moments were calculated in

coefficient form about the reference locations specified below.

The moment reference locations, in full-scale dimensions, are as

follows:

Total vehicle: XT 9761 _[T0_ZT 4OO

+ 2 s_'s: xT 976,Y_o,zT 4oo

Each s_: xT 976, _To, z_ 4o0

Left Wing: Xol30"[,Yol05

Right Elevons: Hingeline at Xo1387

Vertical Tail: Xo1414.3, Zo503

Rudder: Hingellne at ][01414.3

The attitude of each major model element was calculated from the

sector reading, taking into account the sting and balance deflections.

The deflection of the elevons (right wing) and the rudder due to

applied load were also calculated.

Pressure coefficients required for base pressure adjustments were

computed as follows:
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DATA REDUCTION (Continued)

cPz -- (i/lo)(cP_3o2+ CPT306+ CP_08 + CPT3ZZ+ OP_ +
CPT31A + CPT315 + CPT316 + CPT317 + CPT318)

CP2 = (I/16) (CPT_35 + CPT406 + CPT_O7 + CPT408 + CPT413 +
CPTAIA + CPT415 + CPT_I6 + CPTb_2 + CPT4R4 + CPT_30 +
0P_432+ cP_,4B7+ c_38 + 01_439+ CPTb_O)

C_3 : (Z/6)(Om_Z9+ CP_320+ CP_2Z+ Czar2 +
0PT3e3 + OPT3e4)

c_ = (i/2)(0_329+ 0P_26)

CP5 = (i/A) (OP'l_eOe+ C'PT'2e04 + Cl_e21 + OPT222e)

C76 = ommee5

15o7
OPT : (0.1629) (1/12) _ OPTi + (0.1629/12) (OPTIS09)+

i =1501

i 1514 1521

>] + (0.0936)(1/11) cP%.(o.1629)
i=lSll i:1516

1528

(CPT1523) + (0.0936) (i/ll) >Z CPTi +(0.o936/li)+

1:1525
#

(o.2o58)(1/13)(cP_153o+ CPTI531+ CPTZS_3+ CP_154_)+

! 1541
(0.2058) (1/13) _ OPTiI:1533

(0.2371/6) (oPTIs_6 + 0PT1549 +0PT1553 +
CPT1555 +CPT1557) +

(o.2465/2)(cP_z563+ _71)(O.05_1) (C_'T157_)
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DATA REDUCTION (Continued)

cP9 --(i/4)(CPT2218+ CPT2_O+ CFT2223+ CPT2224)

CPIO = CPT2226

where

CPTi is the pressure coefficient for pressure tap i.

Base pressure adjustments to the force and moment coefficients were

computed as follows from the pressure coefficients derived above.

For the Orbiter:

CNBO = (-1/SHEF) Itan 14.75°(CP1) (Al) + (CP2) (A2)I

-(L2) (CP2) (A2) + Z1 { (CPI) (AI-AC0)

+ (0?3) (A3) + (OP4) (AO0)II

[(CPI) (AI-ACO) + (0P3) (A3) + (CP4) (Aco)I(-I/s_)CAB0

For the external tank:

C_ = (-lls_) (OP'F)(AT)

For the left SRB:

CABLS = (-1/SREF) I(CP5) (A5) + (CP6) (A6)I

_m_ = -(Ysl_) (_)

For the right SEB:

CABIRS = (-I/SlREF) I(CP9) (A9) + (CPIO) (AIO)I

cY_S = (Ysl_am_)(OAB_)

These adjustments were applied to the measured force and moment

coefficients to give forebody coefficients.
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DATA _ED_CTION (Contlnued) _

For the launch vehicle (orbiter balance):

CNFL = CNL - CNBO

CIMFL = CIML - CIMBC,

CYFL = CYL

CYNFL = CYNL - CYNBLS - CYNB_S

CAFL = CAL - CABO - CABT - CABLS - CABRS

CBLFL = CBLL

For the external tank and two SRB's (external tank balance):

CNFTS = CNTS

CIMFTS = C[MTS

CYFTS = CYTS

CYNFTS = CYNTS - CYNBLS - _

_S = CATS - CABT - CABLS - CABES

CBL_TS = CBLTS

For the left SRB (left SRB balance):

CNFLS = CNLS

CIMFI_ -- CIMI_

CYFLS = CYI8

CYNFL$ = CYNI_ - C"fNBIZ

CAFIZ =- CALS - CABIZ

CBLFLS = CBLIZ

For the right SRB (right SRB balance):

CNFES -- CNBS
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DATA REDUCTION (Continued)

For the right SRB (right SRB balance): (Continued)

CI2FI%S = CIMRS

CYFRS = CYRS

CYNFRS = CYNRS - CYNBRS

CAFRS -- CARS - CABRS

CBLFRS = CBLRS

For orbiter alone forebody data:

CNFO = CNFL - CN_TS

CIMF0 = CIMFL - C_S

CYF0 = CYFL- CYFTS

CYNF0 = CYNFL - CYNFTS

CAF0 ffiCAFL - CAFTS

CBLFO = CBLFL - CBLFTS

The external tank alone forebody coefficients were computed as.

CNFT = CNPI_ - CNFIB - _

CIM3?f.= CIMFTS - CLMFLS - CIMFRS

CYFT = CYFTS - CYFLS - CYFRS

CYNFT = CYNFTS - _ - CYNFI_

CAF_ -- CAFTS- CAFLS- CAFRS

CBLFT = CBIA_2S- CBLFLS - CBLFRS

The panel loads were reduced to force and moment coefficients in the

following manner:
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DATA REDUCTION (Continued)

For wing bending and torsion:

cm_ = _w/[(Q)(sR_)]

c_ = BwI[CQ)(sR_)(_)]

c_ = _I[(Q)(sR_)(MAC)]

, For vertical tail bending and torsion."

c_ = _I[(Q)(s_)]

cm_ = _wl[(Q)(sw_)(_)]

c_ = _wl[(Q)(s_)(cw)]

For elevon hinge moments:

c_ = _I[(Q)(s_.)(cE)]

c_,o= _.ol[(Q)(s_)(c_.)]

For rudder hinge moments:

c_ =_I[(Q)(s_)(c_)]

A schedule of completed runs is given in Table II which is the Data

Set/Run Number Collation Summary for the test.

Reference dimensions and constants used were:

Value

Symbol Model Scale Full Scale Description

A1 0.12576 ft.2 --- Base area #l (orbiter,
including sting cavity area).

A2 0.0572 ft.2 --- Base area #2 (projected body
flap).

A3 0.049048 ft.2 --- Base area #3 (OMS pods).

A5, A9 0.04661 ft. 2 --- SRB skirt base areas, each.

A6, AIO 0.04795 ft.2 SRB nozzle base area, each.

--k
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DATA REDUCTION (Concluded)

Value

Symbol Model Scale Full Scale Description

A7 0.24192 ft.2 --- Base area of the external tank.

AC0 0.0377 ft.2 --- Orbiter sting cavity area.

BREF 18.734 in. 936.7 in. Wing bending reference length.

CE 1.814 in. 90.7 in. Elevon reference chord length.

CR 1.464 in. 73.2 in. Rudder reference chord length.

CRT 3.996 in. 199.8 in. Vertical tail reference chord
length

L1 25.260 in. ]263.0 in. Horizontal transfer distance
between the orbiter base and

the integrated vehicle moment
reference center.

L2 26.594 in. 1329.7 in. Horizontal transfer distance

between the body flap and the
integrated vehicle moment
reference center.

LHEF 25.806 in. 1290.3 in. Reference length.

MAC 9._96 in. _74.8 in. Mean aerodynamic chord.

SE 0.084 ft.2 210. ft.2 Elevon reference area.

SR 0.04006 ft.2 lOO.15 I_0.2 Rudder reference area.

SREF 1.076 ft.2 2690. ft.2 Wing reference area.

SVT 0.1653 ft.2 _13.25 ft.2 Vertical tail reference area.

YS 5.010 in. 250.5 in. Lateral transfer distance
between the SRB base and the
integrated vehicle moment
reference center.

Zl 6.730 in. 336.5 in. Vertical transfer distance
between the total orbiter base
area and the integrated vehicle
moment reference center.
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T.A.B,T.a_I.
_ , , r

J- TEST : IA156B J DATE : JAN. 1978

TEST CONDITIONS

REYNOLDSNUMBER DYNAMICPRESSURE _TAGNATIONTEMPERATURE

MACHNUMBER (per foot) (psf) (degreesFahrenheit)

1.55 3.0x 1o6 68o 12o

_ z.5> _.5x zo6 ?85 ,[ .
1.8 3.0 x lO6 680

,,

1.8 3.5 x 106 790

2.2 ,_._x i06 760

2.5 3.5 x 106 710

2.2 4.0 x 106 825

2.5 4.0 x lO6 780.•

BALANCEUTILIZED:,See CONFIGURatIONS .INVESTIGATED

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF

SF

AF

PM

RM

YM

COMMENTS:
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TABLE II (Continued)

" _ : " " ;-_ -_ "=' IIDATE :_/('_ DATA SET/RUN NUMBER COLLATION SUMMARY

CONFIGURATION

LO
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TABLE II (Continued)



TABLE II (Continued)

FORCE DATASETS

R2TVZZ - Launch Vehicle Aerodynamic Coefficients

R2T@ZZ - Orbiter Aerodynamic Coefficients

R2TWZ_ - Wing Data Coefficients

R2TFZZ - Pressure Data and Vertical Tail Data

R2TT$_ - ET Alone Aerodynamic Coefficients

RRTS_ - ET + Left at_ Righ_ SRB (ET _alan_)

R2TL_ - Left SRBAerodynamic Coefficients

R2TR_ - Right SRB Aerodynamic Coefficients

PRESSURE DATASETS

P2T E_ - Orbiter Base Coefficient of Pressure Data

P2T F_ - Body Flap (Bottom) Coefficient of Pressure Data

P2T G_ - Body Flap (Top) Coefficient of Pressure Data

P2T L_ - Left SRB Base Coefficient of Pressure Data

P2T P_ - Right SRB Base Coefficient of Pressure Data

P2T T_ - ET Base Coefficient of Pressure Data
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TABLE II (CONCLUDED)

COEFFICIENT SCHEDULES

R2TV_ , ALPHA@, BETA_ CNL, CNFL, CAL, CAFL, CLML, CLMFL, CYFL, CYNL, CYNFL, CBLFL
or BETA(_, ALPHA_

R2T(_ ALPHAS, BETA_ CNF(_, CAF_, CLMF_, CYF_, CYNF_, CBLF_, CNB_, CABS, CLMB_
or BETAS, ALPHA_

R2TW_ ALPHAS, BETA_ CNW, CBW, CTW, CHEI, CHE_, IB-ELV, _B-ELV
or BETAS, ALPHA_

R2TF_ A_LPHA_, BETA_ CP!, CP2, CP3, CP4, CPBV, RUDDER, CHR, CNVT, CBVT, CTVT
or BETAS, ALPHA_

R2TT_ ALPHAT, BETAT CNFT, CAFT, CLMFT, CYFT, CYNFT, CBLFT, CABT, CPT, ALPHAS, BETA_
or BETAT, ALPHAT

R2TS_ ALPHAT, BETAT CNFTS, CAFTS, CLMFTS, CYFTS, CYNFTS, CBLFTS
or BETAT, ALPHAT

R2TL_ ALPHAL, BETAL CNFLS, CAFLS, CLMFLS, CYFLS, CYNFLS, CBLFLS, CABLS, CYNBLS, CP5, CP6
or BETAL, ALPHAL

R2TR_ ALPHAR, BETAR CNFRS, CAFRS, CLMFRS, CYFRS, CYNFRS, CBLFRS, CABRS, CYNBRS, CP9, CPI0
or BETAR, ALPHAR



TABLE ili. ELEVON DEFLECTION ANGLES

8el, deg

Left Hand Right Hand
Nominal Measured Measured

12 11.88 12.12

i0 9.90 i0.o2

8 7.82 8.i0

4 4.00 4.23

8eo_ deg

Left Hand Right Hand
Nominal Measured Measured

-7 -6.95 -6.88

-5 -4.98 -4.88

-2 -2.00 -2.3O

2 2.00 i 1.88

5 5.oo 5.oo

42



Notes;

| Positive directions of.force coefficients, CN
C

• m,w

momentindlcatedC°effic_entS_byarrows and angles are _ CC _ Yw
2. For clarity, origins of wind and stability C n

axes have been displaced from the center

of gravity C " /m

Cv _ Y fl Zw

_" Cn, w
C'm " I

',.,.. .J / __.._- _ C
cl _ CD,_"x

C _" xC_ D Cn, s

__ _'Wc L ,_'_ 'cL
a. Axis Systems

Figure 1. Model axis systems, sign conventions and reference dimensions.
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b. Definition of Deflection Angles and _'JingCoefficients
Figure 1. Continued.
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c. Wing Moment Beference Center
Figure 1. Continued.
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/
/

/
/

X 28,29o

d. Vertical Stabilizer Moment Reference Center

Figure 1. Continued.
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e. Definition of Vertical Stabilizer Coefficients
Figure 1. Continued.

f
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+Ch r

+Ch e

f. Definition of Elevon and Rudder Hinge Moment Coefficients
Figt_ze1. Concluded.
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8,. Major ModelComponent Dimensions
Figure 2. Model sketches.



Tap Zo Yo Tap Zo Yo

301 10.64 0 318 6.04 -2.06
302 10.1 0 319 10.28 -1.1
306 6.04 0 320 9.84 -1.76
308 9.56 --0.76 321 10.44 -2.06
311 6.04 --0.76 322 9.4 -1.92
312 8.78 --1.56 323 8.78 -2.14
314 6.04 --1.56 324 9.3 -2.6
315 8.28 --2.06 325 CAV 0
316 7.52 --2.06 326 CAV 0
317 6.8 -2.06

I

Yo
0

l
|

!

I

)_ , _ ,-Sting
Cavity

T

b. OrblterBase Pressure Orifice Locations
Figure 2. Continued.
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Y/BBFi X/CBF
_ I

-.I0 .20 .60 .gs
._o 4o5 406 407 408
.20
.35
.50 413 414 415 416
.65 422 424.
.80 430 432
.90 437 438 439 440

CBF - 1.62 Inches X/CBF
i i i °

.,...... l -.lO
I

• '' ) .... .20

/
_, o ) _ .60

/
I

Y/BBF .90 .80 .65 .50 .35 .20 .i0

c. Orbiter Body Flap Top Surface Pressure Orifice Locations
F_gure 2. Continued.



Y/BBF X/CBF

-.10 .20 .60 .95

•I0 401 402 403 404
.20
.35
.50 409 410 411 412
.65 418 420
.80 426 428

.90 ......433 434 I 435 436

.CBF = 1.62 Inches X/CBFi
! "1 I ......I........ I ........

( I • __-. 10
_n

-- _ _ .20

_ "' i ' _ .... .60( i lU

Y/BBF .i0 .20 .35 .50 .65 .80 .90

d. OrbiterBody Flap Botto_ SurfacePressureOrificeLocations
Figure 2. Continued.



135 _125

\
RI " 3.13
R2 " 2,96 :)47.5
R3 - 2.78 112.5

"_ R4 " 2.10
R_ - 1.55

9O

60 300

45

50 330

eeI jl2 R3 R4 R5 15 :

e. External Tank Base Pressure Orifice Locations 0
Figure 2. Continued.



Left SRB Bsee

.!('_
\ f

.°

_n Bight SRB Base

)

f. Solid Rocket Boosters Base Pressure Tap Locations

• Figure 2. Continued.
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g. Orbiter Nomenclature
Figure 2. Continued.



h. Orbiter Protuberance and Penetration Configuration
_gure 2. Continued.
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i. ExTernal Tank (T39)
Figure 2. Continued.
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J. Solid Rocket Booster ($27)
__N_g1_'e_. Continued.



MAXIMUM DESIGN LOADS

FWD NF: [R.S, 4-
_L_EI__t_E.____q.S ±

__T S.F, L_S_.__. :1: 7_
_AXIAL FORCE. LOS _¢ l,O00
_ROLLING MOMENT. IH.-L8$ "_"2.000

k. 2.5-1neh _sk MK XIA B_lance

Figure 2. Concluded.



a. Model 89-0TS in the Ames 9 x 7-Foot Test Section, Upper Front View
Figure3. Model photographs.
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